Abstract-
I. INTRODUCTION Microstrip antennas are being widely used in wireless communication system applications because of small size, low weight, ease of integration with other parts of the circuits, low manufacturing cost, and ability to take part in a design without significant hardware changes, arousing a lot of interest from researchers worldwide.
As shown in Fig. 1 , a microstrip antenna basically consists of a conducting patch and a parallel ground plane, separated by a dielectric substrate, usually fed by a microstrip line or a coaxial probe [1] . The conducting patch is made of copper and may have many different shapes, such as rectangular [1] , circular [2] , annular ring [3] , fractals [4]- [5] , and metamaterial inspired [6]- [8] . The feeding structure is an important issue in printed antenna designs. It is a transition between the feeding microstrip line and the radiating structure providing an efficient mechanism for electromagnetic wave transmission between them. In addition, the feeding structure can affect the antenna overall performance, changing its main parameters such as resonant frequency, bandwidth, radiation pattern, and radiation efficiency [1] , [9] . Several impedance matching techniques have been developed for microstrip line and coaxial cable printed antenna excitation, such as λ/4 impedance transformers [10] , [11] , stubs [12] , [13] , inset-feed [14] , [15] , and probe feed [16] , as shown in Fig. 2 . This work proposes to carry out the impedance matching between a microstrip line and a patch antenna by inserting a narrow slot in the conducting strip of the microstrip line. The proposed technique is tested through parametric simulation, using Ansoft Designer and WCIP Method, of microstrip antenna structures fed by a narrow slotted microstrip line, with length L3 and width W3 (Fig. 3 ). In addition, prototypes are fabricated and measured, for validation purpose. (1) and (2), that describes the relationship between the incident and reflected waves, shown [17] [18] [19] [20] [21] [22] .
Where, Sxy describes boundary conditions at the subregions of the interface S, and Γ describes the propagation characteristics in the surrounding medium.
The solution of the electric field on the interface is achieved when occurs the convergence of iterative procedure.
III. PROPOSED ANTENNA GEOMETRY AND RESULTS
The Microstrip Patch Antenna Calculator [23] is used to define the length (L) and width (W) of a rectangular microstrip patch antenna at the given resonant frequencies of 1.8 GHz, 2.45 GHz and 3.5
GHz, covering 4G, Wireless / Bluetooth, and 5G frequency bands, respectively. The parametric analysis is done for rectangular patch microstrip antennas using Ansoft Designer software, which presented a maximum deviation of 1.22% from initially designed resonance frequencies. Therefore, the considered operating frequencies of the investigated antennas are 1.78 GHz, 2.42 GHz, and 3.46
GHz. The antennas are printed on low-cost fiberglass (FR-4) substrates, with relative permittivity εr = 4.4, loss tangent tanδ = 0.02, and thickness h = 1.5 mm.
The antenna impedance matching is carried out using a narrow slotted microstrip line (Fig. 3) . The characteristic impedance of the original microstrip line (without narrow slot) is 50 Ω. The patch antennas structural parameters are summarized in Table I . To minimize the reflection coefficient, |s11|, the input impedance of the narrow slotted microstrip line should be transformed to approximately 50 Ω, corresponding to a reflection coefficient close to zero. The impedance matching analysis is performed varying the line width, W3, from 0 to 2.4 mm.
Simulation is performed using Ansoft Designer, for the antenna's geometry shown in It is observed that the insertion of a narrow slot along the conducting strip of a feeding microstrip Measurements were performed at the GTEMA/IFPB Microwaves Laboratory, using a network analyzer (Agilent N5230A).
The WCIP Method was applied to the antenna geometry designed for operation at 1. In all cases, an excellent agreement is observed between simulated and measured results for the resonant frequency. Simulated and measured results for the frequency behavior of the input reflection coefficient, │S11│ (dB), are summarized in Table III .
In addition, the measurement results shown in Fig. 12 exhibit the efficiency of the antenna impedance matching provided by the proposed axially slotted microstrip line. 
